Background Treatment of chondroblastoma in the femoral head is challenging owing to the particular location and its aggressive nature. There is little published information to guide the surgeon regarding the appropriate approach to treating a chondroblastoma in this location. We developed a modified trapdoor procedure to address this issue. The primary modification is that the window surface of the femoral head is covered by the ligamentum teres rather than cartilage as in the traditional procedure. Questions/purposes We assessed (1) the clinical presentation of chondroblastoma of the femoral head and treatment results with the modified trapdoor procedure in terms of (2) the frequency of local recurrence, (3) complications, and (4) functional outcomes using the Musculoskeletal Tumor Society (MSTS) score. Methods Between 1999 and 2010, we treated 14 patients for chondroblastoma of the femoral head. All patients received the modified trapdoor procedure. Of those, 13 were available for followup at a minimum of 36 months (mean, 66 months; range, 36-117 months) and one patient was lost to followup. There were nine males and four females, with a mean age of 18 years (range, 9-29 years). Clinical features were ascertained by chart and radiographic review, and recurrence, complications, and functional outcomes (MSTS score) were recorded from chart review. Patterns of bone destruction were evaluated using the Lodwick classification, which ranges from IA (geographic appearance with sclerotic rim) to III (permeative appearance). Results The symptoms at diagnosis were pain in nine patients and discomfort in four. The mean duration of symptom was 11 months (range, 1-36 months). The physis was open in two patients, closing in one, and closed in 10.
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Background Treatment of chondroblastoma in the femoral head is challenging owing to the particular location and its aggressive nature. There is little published information to guide the surgeon regarding the appropriate approach to treating a chondroblastoma in this location. We developed a modified trapdoor procedure to address this issue. The primary modification is that the window surface of the femoral head is covered by the ligamentum teres rather than cartilage as in the traditional procedure. Questions/purposes We assessed (1) the clinical presentation of chondroblastoma of the femoral head and treatment results with the modified trapdoor procedure in terms of (2) the frequency of local recurrence, (3) complications, and (4) functional outcomes using the Musculoskeletal Tumor Society (MSTS) score. Methods Between 1999 and 2010, we treated 14 patients for chondroblastoma of the femoral head. All patients received the modified trapdoor procedure. Of those, 13 were available for followup at a minimum of 36 months (mean, 66 months; range, 36-117 months) and one patient was lost to followup. There were nine males and four females, with a mean age of 18 years (range, 9-29 years) . Clinical features were ascertained by chart and radiographic review, and recurrence, complications, and functional outcomes (MSTS score) were recorded from chart review. Patterns of bone destruction were evaluated using the Lodwick classification, which ranges from IA (geographic appearance with sclerotic rim) to III (permeative appearance). Results The symptoms at diagnosis were pain in nine patients and discomfort in four. The mean duration of symptom was 11 months (range, 1-36 months). The physis was open in two patients, closing in one, and closed in 10. The patterns of bone destruction were evaluated as Lodwick Class IA in six patients, Lodwick Class IB in five, and Lodwick Class IC in two. At latest followup, no local recurrence was observed. Two patients had postoperative complications. One had avascular necrosis of the femoral head and was treated with prosthesis replacement. The other had asymptomatic heterotopic ossification in the surgical field. The mean MSTS score was 29.6 (range, 28-30). Conclusions Based on this small series, we believe our modified trapdoor procedure is a safe, effective means of treating a chondroblastoma in the femoral head, but additional clinical evaluation with more patients is necessary to confirm our findings.
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Introduction
A chondroblastoma is a rare, benign cartilaginous lesion, accounting for approximately 1% to 2% of all benign bone tumors [3] . It occurs mostly during the second decade of life with a male-to-female ratio of nearly 2:1 [4, 10] . On radiographs, a chondroblastoma typically appears in the epiphysis or apophysis of long bones of the extremities. The most common reported sites include the proximal tibia, proximal femur, distal femur, and proximal humerus [16, 19, 24] .
Lesions in the proximal femur arise from the trochanteric area or the femoral head. Those arising from the trochanteric area are relatively easy to access via an extraarticular approach. However, those arising from the epiphysis of the femoral head are difficult to treat owing to the intrinsic challenges of anatomy and exposure. There are three options for the surgical approach as described by Strong et al. [22] . The first is via a bone tunnel through the femoral neck, which potentially could damage the growth plate of the femoral head. Another is via an open window of the femoral neck, which is designed to avoid damaging the growth plate and the articular surface of the femoral head as well, but observation of the whole tumor field is difficult with this approach which is a significant disadvantage. The third is via a direct approach through the surface of the femoral head, which also is known as a trapdoor procedure.
The trapdoor procedure originally was developed by Mont et al. [13] to treat late-stage osteonecrosis of the femoral head. In 2008, Iwai et al. [9] introduced this same procedure to treat one case of chondroblastoma in the femoral head. In 1999, we developed a modified trapdoor procedure to treat chondroblastoma of the femoral head. The primary difference between the modified procedure and the traditional one is how the window surface of the femoral head is covered. The traditional procedure uses the cartilage lid while the modified approach uses the native ligamentum teres. To our knowledge, apart from the initial description of the procedure, no results in patients with femoral head chondroblastoma have been reported using the approach of Iwai et al. [9] .
We therefore assessed (1) the clinical presentation of chondroblastoma of the femoral head and treatment results with the modified trapdoor procedure in terms of (2) the frequency of recurrence, (3) complications, and (4) functional outcomes using the Musculoskeletal Tumor Society (MSTS) score.
Patients and Methods
Between 1999 and 2010, we treated 14 patients for chondroblastoma of the femoral head. All patients received treatment using the modified trapdoor procedure. Thirteen of these 14 patients were available for followup at a minimum of 36 months, and represented the study cohort in this retrospective study. One patient lost to followup was excluded.
There were nine male and four female patients. Their mean age at the time of diagnosis was 18 years (range, 9-29 years). No patient had received prior surgical treatment. Diagnosis was histologically confirmed as chondroblastoma in each patient by a pathologist (YD), experienced in musculoskeletal tumors. Patients who had lesions arising from areas other than the femoral head (eg, trochanteric area, femoral neck) were excluded regardless of femoral head involvement. The minimum followup was 36 months (mean, 66 months; range, 36-117 months). This study was approved by the institutional review board of our institution.
Medical records were reviewed for each patient. The interval between the first symptom and the time of diagnosis was identified. Images including plain radiographs, CT scans, and MR images were reviewed for each patient, when available. The developmental status of the epiphysis of the femoral head was identified as open, closing, or closed [24] . Patterns of bone destruction were graded according to the Lodwick classification, as reported by Lehner et al. [11] , which ranges from IA (geographic appearance with sclerotic rim) to III (permeative appearance).
The surgical procedure was similar to the technique described by Mont et al. [13] and Iwai et al. [9] , but slightly modified. The patient was placed in the supine position with a cushion placed underneath the buttock of the affected limb so that the operative field was elevated. The surgery was performed via an anterior approach to the hip (Smith-Petersen approach). The hip was dislocated anteriorly with the ligamentum teres transected deep in the cotyloid fossa (Fig. 1A) . The femoral head was exposed gently with an external rotation force applied to the hip (Fig. 1A) . To help preserve the vascular support of the femoral head, the incision size in the anterior capsule should be no larger than is necessary for dislocation of the femoral head. Additionally by avoiding excessive traction and disruptive incisional trauma to the capsule, preservation of the vascular retinacular leash should help to minimize disruption of blood supply. To facilitate localization of the disease process, the anatomic relationship between the ligamentum teres and lesion was identified using preoperative images. Once the head was exposed, a cartilage window was opened near the ligamentum teres, with care to avoid involving the weightbearing region of the head (Fig. 1B) . The window was large enough, usually 1 to 1.5 cm in diameter and pointing up, to facilitate full access to the entire tumor and for visual inspection of the defect. With this window, any lesion of the chondroblastoma in the femoral head is fully accessible regardless of the anterior or posterior aspect in the femoral head.
Aggressive curettage was done to remove gross visible tumor. Additional mechanical and chemical adjuvants were used. Use of a high-speed burr followed by pulse irrigation and adjuvant phenol was applied to the cavity. The cavity then was filled with bone graft (autograft, allograft, or bone substitute). Autograft harvested from the ilium was used in seven patients, allograft alone in one, and a mixture of allograft and bone substitute in five. Instead of a cartilage trapdoor [9] , closure of the defect involved using the native ligamentum teres sutured together to the rim of the residual articular cartilage (Fig. 1C) .
Patient activity was encouraged, with early rehabilitation training and continuous passive motion starting on the second postoperative day. Patients were restricted to nonweightbearing activity initially and then allowed partial weightbearing 3 months postoperatively when radiographic evidence (radiographs and CT scans) of graft incorporation was detected. Full weightbearing was allowed usually at 4 to 5 months postoperatively when radiographs indicated full incorporation of the bone graft.
Patients were followed with clinical examination and plain radiographs at 3-month intervals for the first year and then 6-month intervals until 5 years. Functional outcomes were evaluated using the MSTS scoring system [5] .
Results
The presenting symptoms were pain in nine patients and discomfort in the hip without other symptoms in four. The mean interval between the onset of symptoms and the time of diagnosis was 11.2 months (range, 1-36 months). Review of radiographs and/or CT scans revealed that the physis was open in two patients, closing in one, and closed in 10 at the time of first diagnosis. There were 10 lesions located in the left femoral head and three involving the right femoral head. The aggressiveness of the lesion was classified as Lodwick Class IA in six patients, IB in five, and IC in two. No pathologic fracture was observed in this group.
At latest followup, no patient had evidence of recurrent disease.
Two patients had postoperative complications. Avascular necrosis of the femoral head was detected 4 months after the index surgery in one patient (Fig. 2) . The patient underwent a THA as revision surgery at 7 months after the index surgery because of hip pain. The resected femoral head was histologically confirmed to be recurrence free. The second associated complication was in a patient who had heterotopic ossification develop in the anterior area of the hip (field of surgery) 3 months after surgery. It was considered Class III according to the classification of Brooker et al. for heterotopic ossification [2] , defined as the space between the pelvis and the end of the femur as less than 1 cm. The patient was asymptomatic and hip movement was not compromised. No additional surgical intervention was done.
All 13 of the patients recovered fully from the index surgery. No limb-length discrepancy was documented in the two skeletally immature patients. The mean MSTS score was 29.6 (range, 28-30). Ten patients had the highest possible score (30), reflecting the absence of pain or disability.
Discussion
A chondroblastoma is a rare benign, locally aggressive, primary cartilage bone tumor. Those arising from the femoral head are extremely uncommon. Various techniques have been reported for treatment of femoral head chondroblastomas [8, 9, 14, 17, 18, [20] [21] [22] . However, to the best of our knowledge, no study with more than five patients treated with one technique has been reported and apart from the initial description of the procedure, no results in patients with femoral head chondroblastoma have been reported using the approach of Iwai et al. since its initial description [9] . We therefore sought to assess (1) the clinical presentation of chondroblastoma of the femoral head and treatment results with the modified trapdoor procedure in terms of (2) the frequency of recurrence, (3) complications, and (4) functional outcomes using the MSTS score.
Our study as several limitations. First, it was a relatively small series of patients with insufficient power to fully assess potentially serious complications such as osteonecrosis, an occurrence that we observed in our small series. Second, as a retrospective study, we have no comparison group to assess how our results might compare with different described approaches. There are other approaches to the femoral head that respect the blood supply to the hip, such as anterior dislocation with a posterior approach proposed by Ganz et al. [7] . This technique was not compared or randomized in our patient population for comparison purposes. Furthermore, this approach can be used in patients only when the lesion is accessible through the fovea. It may not be applicable to all chondroblastomas of the femoral head with extension into the femoral neck. Finally, the small sample size does not allow for definitive comment on potential growth disturbance since most of our patients were close to the end of skeletal growth. The functional assessment we used for this study has not been validated.
The clinical and radiographic presentations of our patients were similar to those reported by Bloem and Mulder [1] and Dahlin and Ivins [4] . All of our patients presented with pain or discomfort and their radiographs showed a geographic bone destruction pattern. However, most of our patients presented with closed physes. Various series of chondroblastomas have reported local recurrences ranging from 8.3% to 32% [12, 16, 19, 23] . Some reports [16, 19] indicated the proximal femur displayed a relatively higher risk of recurrence. Difficulty observing and gaining access to the entire tumor in the femoral head contributes to high local recurrence. In our study, the open window in the femoral head provided a direct view of the tumor and allowed the surgical team unimpeded access to the tumor cavity. This then helped facilitate removal of the entire tumor and coverage of the defect only if it was in the radius of the ligamentum teres. With this technique, no recurrence was observed at a mean followup of 5 years, and we believe that the modified trapdoor technique played a key role in these outcomes. Iwai et al. [9] reported treating one patient with a femoral head chondroblastoma with a trapdoor procedure. The patient showed no recurrence and good hip function at 5 years followup. Givissis et al. [8] treated a patient with a technique similar to that used by Iwai et al. [9] , but via a Hardinge approach. The defect was filled with allograft matched for size and shape, which was harvested from a freeze-dried femoral head allograft with round trephines. The patient was free of disease with good function at 2 years followup. Strong et al. [22] reported two different treatment methods in 10 patients. Five patients treated via a direct approach through the femoral neck had no recurrence and achieved full function. The other five patients treated via a canal through the femoral neck had two local recurrences. Riedel et al. [17] and Stilli et al. [21] each reported one patient treated via a similar canal but with fibula graft filling the defect. Sawyer et al. [20] reported one patient treated with fresh osteochondral allograft transplantation, which is suitable for lesions in which the overlying cartilage has been seriously damaged. Most of these studies showed favorable results, but the rarity of these lesions treated with one specific surgical intervention make it difficult to objectively evaluate the effectiveness of the treatment. Two patients reported by Petsas et al. [14] and one by Erickson et al. [6] underwent radiofrequency ablation. Its success proved radiofrequency ablation to be an alternative to surgery in selected patients.
However, uncertainty of tumor residue [15] and the need for more than one treatment in many patients [18] necessitate further evaluation of this technique with more patients and long-term followup.
Avascular necrosis of the femoral head is a substantial concern when treating lesions in the femoral head, particularly with this surgical technique. In the current study, although one patient had avascular necrosis of the femoral head develop, potentially owing to premature weightbearing, overall a large incidence of postoperative avascular necrosis was avoided. Bone grafting is believed to help reduce the occurrence of avascular necrosis and related events. To fully access the lesion, dislocation of the femoral head is necessary. Ganz et al. [7] described a method of femoral head dislocation that involves an anterior dislocation of the hip from a posterior approach with a trochanteric flip osteotomy. They suggested this type of surgical dislocation might be safer than others from an avascular necrosis standpoint. However, this approach is not suitable for our patients because of the risk of tumor replantation associated with osteotomy of the greater trochanter plus the potential for increased operative time and blood loss. The anterior approach has been proven to be a safe technique even considering avascular necrosis [4] . One of our patients had heterotopic ossification develop although it was asymptomatic. According to Swiontkowski et al. [24] , the anterior approach seems to be associated with a greater risk of heterotopic ossification than the posterior approach.
In some patients who have the traditional approach, the articular cartilage (trapdoor) is thin and disrupted because of compromise by the underlying tumor [8] . It is difficult and sometimes impossible to preserve this cartilage trapdoor. One of the advantages of our approach is that the ligamentum teres is reliable and can easily be sutured to the cartilage to facilitate maintaining a contained defect. The modified trapdoor procedure destroys the foveolar artery by cutting the blood supply from it; however, the femoral head's vascular flow is supplied mostly from the retinacular vessels. The foveal artery does not contribute as substantially to the blood supply of the femoral head [26] . However it is important to pay attention to the following points when performing this procedure. First, the lateral circumflex femoral artery should be protected during the exposure, especially when opening the joint capsule. Second, the joint dislocation and reduction should be performed gently to avoid unnecessary disturbance of vascular flow and potential physical collapse of the femoral head. The joint capsule should be sutured loosely to reduce hip contracture and facilitate functional recovery.
Owing to the local aggressive nature of chondroblastomas and the particular location of this tumor, the ideal treatment would be complete tumor removal without compromising the patients' long-term function. Our patients achieved an average of 99% of that expected for normal function based on the observed MSTS functional evaluation score (28-30). No large series have been reported with functional outcomes of chondroblastomas after curettage. Our study is similar to those of Suneja et al. [23] and van der Geest et al. [25] . Although the numbers in this series were small, we believe this modified trapdoor procedure is a safe, effective means of treating chondroblastoma in the femoral head. Attention should be paid to dislocation of the femoral head and postoperative physical rehabilitation to avoid avascular necrosis of the femoral head. Future research will focus on the lesion that involves the femoral neck but extends into the femoral head, which is challenging using the current technique.
